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(54) ELEMENT AND DEVICE FOR DETECTING BONE-CONDUCTION SOUND 
OSCILLATION 



ta: 



I h J substrate and a beam part with thin films to reduce 



(57)Abstract: 

PURPOSE: To provide a bone-conduction sound 
oscillation detector of high sensitivity by forming a 



ICO 

f 17 f ^ ^ 



1 1 ^ the dimensions of the whole of elements and 
arranging plural elements in a casing. 
CONSTITUTION: This detector consists of a 
substrate 9 made of an insulator, a semiconductor, 
or a conductor, insulating films 11 to 13 made of 
insulating material, the element part which is made 
of a piezoelectric body film 17 and detects the 
displacement or the acceleration of the beam, and a 
lower electrode 18 made of conductive material. 
Insulating films 12 and 13, an upper electrode 19, 
the piezoelectric body film 17, and the lower 
electrode 18 constitute a cantilever beam part 100. When the beam part 100 oscillates, 
distortion is brought about in the piezoelectric body film 17, and a voltage is generated between 
the upper electrode 19 and the lower electrode 18. The oscillation or the acceleration of the 
beam part 100 is detected by detecting this voltage. In this example, dimensions of the 
substrate are set to a=3mm. b=0.5mm, and c=0.4mm, and the thickness of the beam part 100 is 
set to S^im. The resonance frequency of the beam is about 5kHz, and dimensions of the whole 
of elements are much reduced in comparison with those of conventional elements. 
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(54) [56iB«)«»] #fi«^?'S»ttU*?'^«krf#e»W?^|gftttfflKS 



(57) [mm] 



(a) 

!■ a 



n 

in« 2021 
JOO 

21 12 20 
i 0 2t^«»Sfi I 8 T««S 

1 1 ««R L 9 ±««a 

12 MR 20 

13 MM 2 1 ft 9 
17 100 »« 



[it^s 1 ] s«i . mmmcpfj: < i i mvm 

i^^m 2 ] msimm^ s i <Dmfi^^B^m^>;>mn 
immm 3 ] mii?^s&±.o'ptj: < i 4> i ^frfcaij * 

[if ^ 5 ] msim»D$^&.t Mtimmi:^af i 

{m^mQ) n^m\, 2. 3, 4, 5. e. 7*/c 
« 8 gets® #e«§?&tii6^tti^^* 2 fit^±ii Afc c 

9 oscftg^^c-r J: ^«:BiIia#e^^?5^iS^l«la^^^• 
[0 00 1] 

[0 00 2] 

[fi!*©K85] 01 9«:^i^*©#G»-^-^'^^>•7-^^'© 

cn«^iaBS58-88 99 6#^?R, ^ 

9S©«*i; r#^-7-f i'n*:>j iuriattsn-ci^sw 
A*). #^tiS6©jio2a%«ifflr 

2,:^s:©^^-*^t. c©i:j$BKfst8§n-ci,>5lliSt?i| 

-C», WMmmU-bv 5 V f ©Em^^- 1 0 8©fi 

tj-cjKfiEsn, sffimsg-?! 0 sjcttaij 1 1 1 mm 

mmt> 0 . -fe 7 5 i'Em^^ 1 0 8 ©tgW*5±T{C 
^}&-rS<!:^E*5ilS§n?.)!»5. ^©mE*a;^ffi-f- 1 
0 9.11 o^ac-c, f^ssi 1 4©tfins-ciii|ii-r5 

C i CC J: 0 . J)Dt>-:.fctg«)©J)DSa%WaiJ-r 
[0 003] 

[|699*W9il/<i:^4-r'SlfiS] C®J:^;ft«fiE*Wr 

^#?st^fflgg«. A©^K§*«itu-r2.©*iawc* 
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(.^©•C&S*!. S4#©B3KS*#S-r-Si5KHz* 

^mi&WLi: 5 K H z 4 L rX^tcifttt^tf ^ <b . » 
©JfS*J2 00 wm. S0©S33»«2~3mgir*i 
^©g3{3:5~6mmgS«:^cf], SJtSP^rm^i 1 
0mmifi<«:4>^c^, C®^*. i)^ii^i,mi:^^tc^S. 

im< -eg ■2)*i> 2 0 0 m*?i©SJl©ttif4«''^> K 

[0004] ^aiST-©S5 AS«mB*^«>t: 1 0 mm 
<!:t,»-5Ci«. -:>ff©J:^ja:rajH*4i;*. SlCHia 

20 3a5'JJ&®-C, {i-IIJ©'5r-'»i/©Jf S^rS^T^i. 
*> 2 ~ 3 m mga-Cft 0 > ^.^SfR^ ©iH»*n«T-C* 

s^*®«i=--ct3:, /^•J^^'^^i^4©fl^I«^^B 

te<fcD!ri2>:7'';®-C4)e^®Sail*»6#;*.S<t. s 
®i|ii« 1 mmfigtC^C f) . C©fc&^r— »i/rt{C»j* 
SCi®-C#^.Sg?-©tii«l(i*si!g^-C&-:>/c. SSa^r 

ti)m^t^-c^i,i)K B5faa4cc<tf3, {s*®*^-c» 

30 [ 0 0 0 5 ] ^ 2 ®PgSi«{S*©^^ WfflSUfcJf). * 

«. -c*s/<:t-t^jK®^^=-*a<?®*i^oK:iinwcieg 
L/. #:&i^*>6©titt^&*iai-r€.ct*i!i:«s-c*.i). 

/dU. fi^©Ci< ^r-'»^rta5©itS«fc*>/c«>2 
~3mmlig-C*^/c«), ffiiS©:^|S](C^T?r«^Te 
40 /<:«?)(C«3g^^^ffi% 2mmU<T«:-r.5C<!: ifi'jm 

[0006] 

(Sj®*^9ir*fc*©^ia] *^WttBgiBpgia4»9i 
■rsfc*®fe®-c. ^^:^^®Tj-ft*/h3 < ur. 
i^t^'^c^?S^i©^^^?:i^g t . sao 

[0007] *^BJ©«3}c]i 1 CC*^*>to^#fe«#fSti 

50 mi>m^^'S:m^fc'b<D-c»)i>o 
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[000 8 ] ^m<Dm^m2 {c*75^t>s#e»§^si 
[0009] :^m<omtm3 iM't>i>^Bm^pM 

imm^it. iS*SliBi8©l£Bjcctet»-c. lgS|5±© 
[0010] *^?3©«*J13 v:M^t>i,^Bm=§Pm 

M-C}15fiSLfc4>©-C**. 10 

[0011] :i^mom^m5i,cM^t>h^Bm^^m 

fir* mtmm&imti>mf-mimn»mvmmLfc 

*>©-c&s„ 

[0012] :^mm<ommm6 CC*>**S#e«^|9|i 

[0013] ^m<Dmn^m7 icipi)^t>i^&mM^m 
^imm^v^tititi!mmj>'v^ti>ctK.i.*)m 20 

[0014] *l6l?3©it^8«C*>*toS#e»#?Bli 

S)«iajg^»> if^3l3iHtS©^?S{c*jt,>-c« fiO*^ 
B*jm^ffilL'}BfiSl/yt«>©-C*.5. 
[0015] *llll©il^9 K:*^3tr>toS#e»^?»« 

SM^tilSg«> iS*:Sl. 2> 3. 4, 5, 6, Ittc 

a 8 ^sMo^n&m^pmmm^^ 2 ffltt±it^ /c t 

©■r*5o 

[0016] *lfe?g©if^ll 1 0 {C*:>A^b-?.#e^#^ 

3R-7-*EaL.fcfe©-C**. 

[0017] 

[ 0 0 1 8 ] it^2iai8©l%WK:j:*#G^# 
^JHW^ajjRm ai#3iiK:i)pir. 3l«4S i©* 

©-t j£*^^SK:/h§ < -ct s. 40 

[ 0 0 1 9 ] ai*]a3f3«©^w{ci6#e«^ 

if^JSifcjD^r. mm±icm.ij^ 

[ 0 0 2 0 ] if^]B4i2iS©l£?UKJ:S#e«^ 

^lisi)^^ii^^^». ii^reitcja^-c, ^gpc^asfc 

BJ)DjiS?:«^ffi-r-S^T-3P=Sr^)SI;fcW^^f*©?1IM-C 
[0 02 1 ] ii*S5ietS®S?gKJ;*#lg^^ 

?&jii6feiaijg-?-tt. ^>miicm^x. m^<m^ttc so 
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«»iig*^ffl-rs»^g|5*Em#]i-c^^ufc©r. 

^^^^^©^^r^N^M^S < -C^S. 

[0 02 2] *fc. ii^6tB«©ieBj{cJ:6#fe3?« 
^titt«lffl5R^^tt> »*]liK:»n^-r. fiO^rSfiim 
D*tif4-CJKfiSUfc©-C> ^^©J^fifciSSS-C**). 
±{*©Tj-^*#^K:/h$ < -ct So 

[ 0 0 2 3 ] if*:®7iaiS©^Bj{c J;S#G^# 

^mwmmi-\t. it^^itcmr, so*. 
©r. a»)0}g)iS*iS»r*»). JR^^©^*#^» 

[0 024] */c, it^8iSig©l6?gK:j:l,#e^« 
^{iKltlffijR^a. M^KCjMiL-C. &0«^)S©tt 

f^«§^t?jfML/c©-c, mnmmifi^^xtb^. jr^ 

^©^ft«:#^:i;K:/jN3 < -c* 5. 
[ 0 0 2 5 ] ti^c. il^gistK©^!^^:^:^^^^^ 

^tgi!l«miJlg». if*Sl. 2, 3. 4, 5, 6. 7 
* /£« 8 ie4S©#<E^#FS^^Ui^^ * 2 <ifet±4i^ 

[ 0 0 2 6 ] * /c. if*s 1 oim<Dmm^i>m^m 

if^ti«imfflSia«. i»*3S9«:J)D^-c. Iggp©»7? 
5i>«:fe*5t?fa9 0S©ftS4«:^J;^(c«ea> 

#^isii)«iasR^%issi//c©-c> jaiS4:^*<-c* 

[0027] 

immm i ] @ i «. ^mnommm 1 cc j: 

!»ft©i»rn*'©M?4*^6^i:-SSffi> 1 
1. 12. 1 3«^iitttm4*^6?C^^^. 17«ff 

m^j^^ p.i5:5^©^flfS fcBfti3ia?:^a-rss^ 

W^ifif^UZ,y^mMXS>Z>. 12, 13. 19, 1 
7, 1 8-C>4-}#^©^SI51 0 0^1i^tri,i.5, ^SPl 

0 0 ifimtbtri, tsnwrn 1 7 km^j&i^ c . ±si5«fii 

1 9 iTSPm^ 1 8 t<DS)\.^tcK.mS.tfi^b^. c©m 

[0028] *llifeF(-CB. aS©^S?: a = 3 mm. 
b = 0. 5mm. c = 0. 4mmiU. ^SP 1 0 0©J¥ 

'm^<D%=i-i^imbX'mo-m\mnvcfhi< 

( 0 0 2 9 ] WT. C © J: 5 ^«fi!c®#e»^F^«^ 

Hi^^-©i?SK:oi^r a 2 1 {£:*^;5it) 

€.#{£«^i&jia!i«^aj^^©sjffi*xiiJiKs^-r»ni@ 

r-*S, 02{Ctot,^r (a) ■r«J1340 0 tfm©-fe7 

«©affl(C. gib>>;3>. ^{fc'>'j3>. Ta.O.^C 
i'©i»MMl l«:XA-;,$fj:i-Ci|^Jl ymfiXMt. -e© 



(4) 
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^. ( b ) T{t&^fj:i:(Onmi^htj:^rm^ 1 8 * 
m. Sum^Bb. -ecoO-^ZnO (SIfcffilS) . P 
bTiOa (9dt>mm . PZT (^di>mi»\^:=i> 

m^htj:6±^mmi9i:m. sum. ^ti^nf&m 
(c) KOH (imxcti^)^mm . tmah 

[ 0 0 3 0 ] J^cC*5. SK9fcs i *^(*as^^fflL:^ 

[0 0 3 1 ] [mmm2]m3{t. ^wM<D^m2(<c 20 

i^>ttii)^(Otim^htj::^mm. 11. 12. 13&3:»ife 

12. 13. 3 1. 3o<D-^rK-}$^©^gn 
oo^«fiSLrc^-5o ^1 oo;^)«•r'S<b^^y-- 
i^3 itc^^^&^ic. }£tnti*^^ft'r'So m»c:/»;^:. 30 

[0 03 2 ] ^'^mx\t. mmm 1 mmc. w^(o 

"t"^a = 3mm. b = 0, 5mm. c = 0. 4mm<!: 
[0 03 3] [*»M3 ] a 4 tt. *^?g©«»053 CC 

^^jr-sm 11. \ 2mMmim^hu^imm. 3 

0««mttt*3|455>6^camS-C*^o 1 2 <h 3 OO-SB 

^ctiicxmmoo<Dmmfc\tmm.^mit 
[0034] ^mmmxiit. mmm 1 . 2 mmt^cmw. 50 
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<D^;S^a = 3mm, b = 0. 5mm. c = 0. 4mm 

iU. leSBl 0 0(DJ1S5 //miU/Co 

«*J 5 K H z r * 0 . St^O^^-JCtbKL -C^fttD-^a 

[0035] [J|]fe{?!14] S5«. ^^B^(D^^4k: 
®. 11. 12. 1 3«iffiSH±ttm>e>^j:€)^M. 1 

1 9j^^mtti^i4:6>63:c§±gBm& i8« 
mmmtm^^tj::^T^mmv^^. ii. 13. 1 
7. 18. iQxf^n-hom^ioommbxi.^:^. 
^100 i}mmt6tKmf^m 1 ? cc^^^&^^d. ± 

gpmfiBl GiTSP^Sl 8Pa^cmE3&i^G^o cc^m 

[0 03 6] *l|jat?lr{i. ^JteC^l. 2. 3iIlS^C 
SScD^ffi^a = 3mm. b = 0. 5mm. c = 0. 4 

[0 03 7] me^mmm4(,cf)^i}^t>6WBm^pmw} 
^mm^o)mm^l:mm(fC^^tmmmx^6. rnddOo 

t^T. (a) X{tm^ 40 0 umOS i m^¥Bf)^htj:6 

{ti^yn>, T ai^o,rJ:^(o^mm \ i. l2^x>'^•'> 

^^^jri'-c^^i /xm^Ji^^„ (b) r5Je^/j:i©t**4 
3Cp63tc-ST8P^ffil 8^*5jO. 3/im^O. -ecDCD-^ 

zno (M^bffiis) . PbTi03 (^^>mm . P 
z T { ^ ^ >Ke;^;i'a >^is) ^^c i'OEm^lii 17^3 
-4 Mm. ^<o±^cj^^rj:a<otim^hrj:%±^mmi 

^h(tcmmmi3^m\umf&mt^o ic) xict^:^ 

^>^y;^-;l.2 O^?f^^*r^o oc^r. KOH (;*cM{t 
^^yU'i'A^^g) . TMAH (T^h'yjt^Jl • T>^::-'i? 

^y^L. ^loo^ff^T^o ^oo^a^urii 

[0 03 8] ^C*5. atgg <D^®CC)^)i^|i 1 1 ^X>'^• 

mmi ii:nmbxhxi\ 
[0 03 9] [^mb] milt. :^mM(Dmmmb^c 

[0 0 4 0] lOJits im^^Bi)^hrj:6'=^mi$mm. i 



7 

mm. 2i»«o. 2 0itxy^y^t>-)iv$>6. 1 

K 13. 17. 18. 1 9-C>}-^%0DmSi51 OO^fll 
iSLTC^^o SlOO*5!i«)^^iEm)Sl7CCM;^ 

;&54c. ±^mm 1 9 (bTSP^e 1 8 m^mE^^^c 

«*^5am. m^^ommiimO. 0 0 2 5mgr$>^ 
^ffitia=l. 1mm. b = 0. Tmm-C^-S. fi 

C^r. (a) rt*J?S200jum. affi3!^ (100) ffi 
1. 1 2^X>'N-^^^/j:<!:r*5jO. 2/imfiSJSb. 

jsml. ^>*^-^>^T^o (b) rt^raj^si 8± 

5CZnO (^ft^lS) . PZT (^^>^^:^JUn>K 
IS) fj:^(DEMi$mn ^3-^4 urn. G^tJi^om^ 
•f)^hrj::h±^mmi 2^mo, 3 urn. ^ti^tifm 

mi2trmmmisvmtti^^^(fCt^o (c)r 

13^^t>h*-AXy^>!/tj:i:l,CJ:r}^ -^Xv^ 

>^L±^mm 1 9 iTSB^ffi 1 somm^mm^^m 

(fC^^.mmmii. 12. \3±(,cxv^>{/7i-.^)i 

^mm^o (e) r»x-^^>y:J^-;l.2 0J:D. K 

OH (ymit^ 'J ^ ^i^) . TMAH (f-h^y^ib 
• T>^:=^'^A • b KU+lf^ K) /j:<!:'C0r;l'*»;?g?8[ 

r, *^<*s« 1 0 ^s:^ttx so 2 1 ^ 

vmf-^m b 1 ffl-ro^ »9 ai-r c 

[ 0 0 4 2 ] ^m^mwtmmfiCTH^^ k-:/u 

/cO. ^®^Sfb3#i>C<hOC<l:0. «&ilSlil l^rffJJS 
[0 04 3] [HiSPlie] S9«. *||3^(D^^6CC 

[0 04 4] 1 0»S i#iSa(D*»«:Sfi. 1 3ti« 
19«^mM*4*^6^j:^± 
gpm®. 1 8«^mi±t^*4*>6^C'5Ta5m®. 2 UJfi 
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2 0«x^;^>^3j->>-Jl''C*'2.o 

[0045] *^«?acctec^r . m&i:^mmm i o 

mmvmmt6t. ^trnm^fs^. (i i o) 

mm < j^cc i ^ M,*.3&i*-5o 
[0046] [^^7]@ioij. :^mMommm7 

[0047] 1 o»s i mm^o^^m^. 1 3itm 

sum 1 8ti2g^^M5f43Ji^6^j:^Tg5m@. 2 

»3. 2 0«x-:;^>^j^-JUr$>'5. mcO^ii^tdtm 

spmsi siTSPmsi 9f)mrj:^j:^^f&mL. mm 

<0±^mm 18(a) (hTSB^S 19(a) fPhm&i: 
WOfflfo cn«:j;0. S8P3!>«lo(3r)«^E>i>©W4fSO 

[0 04 8] $^«a|r5ia. h(0-^mittcMctf^Q.= 
1. 5mm. b=l. 6 mmr*«:). Sf*(D»e«#?^ 

^^immLt^3. 5KHz. 4. OKHz. 5. OK 

30 [0 04 9] [w^m^]m\ \{t. i^mmmim^ 

[0050] ll^4dl^r. 1 0 «S i 

^HS«r*o. cc[)*5i#»«i ojc. ««Mi 1 i 1 

3tKm{^m \ 1 tt^htsi^m^i 0 03&n ;^7^rs^ 
>}'f#^m*J^^Lrt^^o ^1 0 0(D5feiSo± 
gpcc^. /C(!:Atia^3jp6^C'5a»3 2 l;?>^sS&:f6nri^ 
6o ^H^tel^ar^. ifc^?g|S[;!i55KHz<!:Aj:€><fc^tC 
40 StitS^^^*^f■^/d^*t^ ^SBl 0 0CDJ13^*^j5/i 
m. S0CDMS**^J0. 0 02 5mg<!:Lr. 
a=0. 8mm. b = 0. 35mm. c = 400/Ltmr 

^>o. %mmb^cimbx^h^cfh^<x^ho cn 
^ 1 0 0 i4^^f*ss 1 0 mmimmm 5 j: o 

[ 0 0 5 1 ] s 1 2 \tw^m^ ^t^t^t^^^^^'^^U 
tcfci^r. (a) r«/f$40 0/xm. mmt^ (10 

50 tc. mtiy')^y. Wi\tiy')^y. Taz Os ^ci'(Djffi 
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1 8±^ZnO (@{h^l&) . PbT i Oa (^^>K 
ifl) . PZT (^^>^i^Jl'a>Ki&) ^cCi'OE^ftJi 

gp^@i9^*^o. 3 am. ^n-en;SMb^^^--:^> 

y-r -Ti^jrb^E^ftM 1 7 tJ±a5^S 1 9 tT^m 

m svmtti^^^uit^. (c) r»i6gtMi 3^ 
gpms 1 9 iTSPms 1 8 (omm^miti^^. ^mm^T- 

-5). (d) 'Cii>f:t>tr-Ax-^^>y;rj:i'{c<fcJ3. tfe 
mmil. 12. 1 3±CCx-y^>^*-;l/JS:Pgc^So 
(e) -C{ix >^>y;f»-;l.2 0<i:0. KOH (*K{t 
tf'J^M.^li&) . TMAH (r h-^^^^l- r>^^'^ 

io^mis\ix.y9>^L. mmmi I. i3._bgp^ 
ffii 9. TSBmai 8. s.mwmii. ^mmmi4f)^ 
htji^m^ 1 0 0 ^jfmr^o ( f ) v^t. mm^ v 

<fcO. ^H^Ml 4±iCli?!)3^SU. a0 2 

mmr. rji^xm (e) t if) }itfmf)mtiCtj:'ox 

[0 05 2] *WfiWCCj:ntf. 1:02 i^aioy-y^^ 

iC<fc mm^fc^. 1 0(D-a5^x 

!/vmt'£^m^rj:\.^fcii>. ^gi5 1 0 0 tmmi^s^ 1 0 

fiEfflU/c;&^. |g. IS. 11 

zij^jlh. m. is. l|JS:^CD#S©i»m8¥^->^ 

[0 05 3] [mmm9]mtm9iit. mo 21^7;!/ 

^0 ai 3CC«JSW9K:;&>:0^to^#fc2i^?&^«im^ 
T-OKa^Xli»C^'r. ( a ) r{iif ^ 4 0 0 Mm. 
^ffl*5 (10 0) mv$>6S i #*Sb^b;&>6j^cC^¥^<*S 
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SlOOMStC, gfbe>';rj>, g^ibt^VrJV, Ta, 
0,^k<J:©iteig]ll K 1 2^;J^A^^^«ci"CiKjO. 2 

is^mo. 3 umf&mb. ^"^^-^yi^tio (b) 
r^Tssma 1 8±k: z n o mimm) . p b t 1 0 

3 (^^>KIS) . PZT (f-^VSi^^l^nvKSS) 
i'cDEUft^ 1 7 ^ 3 - 4 M m . ^(D±lfC &±tj: i'OW 

w^6J^j:-5±gpm@i 9^*^o. 3wm. -en^n^M 
0. >'^'^-x>^'r€>o (c) viimmmi 3^mo. 

10 2/xmfiElgL. ^e©©^. Jte»Sl3^^:**>fc:r-Ax 

75^>^/^j:^CCJ:0-SB^x-:;^>yb. ±SPmSl 9 
iTgP^ffil8(Daffi€rSW5it. KiSSi^i-r^o $ 

yt. i^isi 3±cc&iii9iii 4^^ii'r'&. :^id%0ii 

8?). S0 2 ltl5lDW*4©fiK<i:-r-5C<fc;&iM*Ll^ 

(d) rtj>f:t>e-AX';;^>y):ct'K:<fco. mmm 

11. 12. 1 3±K:x7^>^/^--;i'^l8t:f€>. 
20 ^>l:^/li£Jil 4±(C7K>7"^>i^t-^XIir^^o 

f&r^o (f ) x-^5^>>/;f>-;U20J:0. KO 
H {7mitiJ')^J>^mm) . TMAH (f*h^^^;l'- 
T>^x'^A • t Fn^1^^' K) J:c^(OT;l';^?';?§^g-e 

[ 0 0 5 4 ] /jrfc ( e ) ©xficcfei^^r. ^^y^f^y^ 

^liL-C^BSJil 4±ta5fi£Ur*)<fcl>. 
[0055] *«]SfeWK:J:n«. ^^jJOf^^ 

g{cr@«-?g^, ^Mt^^y^^mmm^'^xm^ 

2 1 ^JfJ^-r^/cJ?). ^ife««l8J:0*>$6^cMO^^?5i 

[005 6] {mMm 1 0 ] a 1 4«. i^mmmmm 

x$>i>o HicM^r. ¥2»^s«io«s icD^ife^s 
«r'^o . ccD4^2gi*s® 1 0 tc. mmm 1 1 ^ 1 3 i 

1 7 <i:^^e>Aj:^sgi5i 0 07^5 1 tfmxmm^ 
ti. itf^i^^^Bfigbri^-Sp ^aJi oo(D3fe^(D±aj 
cc^ii)&^6i^cC-2>so2 \ f)miihhxi^6. ^m^mm 

«?J4. 5 iS^^jr-S.'i^.ti. X ':;^>:J^^^ffiCD-5^3!>^e>tf ^ 
i^.r^^o ^asi 0 0<DTO^fiS3 3^iia[MmfiS^n 

50 0 2 1 ^mi^mmo-si^mtc txmf&t^ox 



n 

[0057] [m^m 1 1 ] @ 1 ^^mom&m 
a«T*»3. cmmimm occ. mmi i i 1 3 

[OO58]016«S12<i: tit^lillSCDMf'F^lii rj: 
mSSl 0 0©5feS8©TSB{cfiO 2 1 ^Jtmt^fc 
^@iltjli4^ (b) <O^.^XBfS.L. (e) tc:te 
t:r^*«»SSlO©X'y5^>^I|ir, ^SBSBKiB 

m-r^^^ttct^. TM(f) {c*5or. a^sui ooo 

[0 05 9] ^^t^lCCcfcnt^. ^HcDfiO 2 1 ^^gp 

1 0 oorm^cBf&t^tc^. mK}i)m^(o±(^cm± 
[0 06 0] [mmmi2]mi7^t. :^^m(omim 

2{t7>y\ 5 3»fi^j^. 5 4«iiSi5S'C*^. 0 

[0 06 1 ] ^>^^^. ^S5<DS^(o^^(7)f5Hi-r-o3&> 
^ 2 * « 3 (Dgj^cC ^ :^f^ cc^t)if ^ c <b pjtgr * 

[0 06 2] 3] SI 8. SI g&i^^ggcc 

i3mmi\ ^mi^mm^io a. lOb. loc. ^ 
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12 

aJ^13a. 13b. 13ciL. mm(omw}'fi\^'f)m 

OK:9 0S«:&-r<fc^CC. Slg^«:«lffi5 0«:gf«b 
fco :^mmv^ L fcm^Oi^^ S « l . 5 m mft -C 
fi^f#S5 0©i5^*50. 5mm^j:(Dr. 3<iO^ 
^^SOcfc ^tcfiJ^T^6±f*(D:^t $«2 mmiz::i?tc 
*55*o/co SI 9«ai 8CC7SL/c^^^ffll^/c#a 

otim^boi^hrji^m^mt. ^--w^si^cc 

*5$i66nrii€>o ^-i^>y5 lrtgBiC«7>:^5 2 

m^V$)i>. ^-iyy^/O^m^tO, SmmtbfcCD 
-C. -ir-t^Vi/S l©rtS2, 8mm. ^1-S»4. 4m 

[0063] ymm9i(>cj^ti\t. msi<Dtmiy\^ifim^ 

S 5 0 ^^mc^^oy-^i 2 m m IS:;? 4d $ e& S C i 
[0064] 

[0 06 5 ] ii*®2<D^0^k:^nii. m>mi 

L/cC<hCCj:»p. ^©ffSI^^^Mr. :^ft<D^ji4>^^^ 

[0 06 6] ^/c. m^m3mm<omm^ti\t. 
3S 1 iBi8<D^?§^c*ji,>r . m^hoyptj: < i ^> 1 

40 ho 

[0 06 7] ft*:S4iBtS<D^MCCj:tl«. 

[0 06 8 ] ^/c, m-^mbtmommxrwt. im 
50 ti^x^i>nm^hh. 



(8) 

13 

[0 0 6 9 ] nn^mumomMio^tnt. it* 
LfcciKjrf). ^(ommmv. ±»(o-mmn 

[0 0 7 0 } */c. i»*^7iBiS©%^K:j:n«, 
i-»«j«mfgj' +-r 5 C i (C J: ip ffJfiX L/fcC i(C J: f) , 

[0 07 n */c> W^S8iBtS©^??K:J:n«, it^ 

f^scitcfc*). f^mmM-c. ^©-=jiffi*5^^s«c/jN 

C 0 0 7 2 ] ^^9iatS<DI6WK:J;n«. it^ 

[0 0 7 3] tfc. m^m 1 ommDmicjzhii. it 20 

*]S9ie«©^?8«:*ji>-c. IB8P©^«i*|Sl*Jai>{cte 

mi-^mtw-mmt i - 1 khh-c**. 
[02] siife^ 1 icif>f}^t>?>^BM^pmwmmf- 
oymizmmicmmmm ( i - 1 kk) -cabs. 

(S3] *^Hj©ll«S0!l2tcJ;|,#e^^^^l8i«^ta 30 
S-?4*-r^ESi I - I KH0tS*y-i^©»¥ 

^^^Tnf^fflHi 1 - 1 mmmv$>i. 

[06] mmm4 i,ci)>i)^t>i,^&m^ptmmmf- 
(D^ixwsic^-tmmm ( I - 1 »rffi) 

[07] *^?B©IIJI0l 5 (c J: ^)»e«#?s^lW^ttJ 



!RFga¥8-20527 3 
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^^«r^^T¥M0i 1 - I 

[08 ] *iS««l5 K:*>*>^^S#e^S#^ffi8(|«|^l^^^ 
®S!!ffi4ISJi«:S^-r»rffi0 ( I - I Brffi) "C**. 
(09 ] *^Bg(D||iS{«6 K J: S'&eiiJI^^BWIHi 

[010] *^?g©«ig^7 ic^i^Bm^pmrnk 

[011] *^B^©^^8 {c<t 
m^f-i^tw-mmt i - iBt®0t?*s. 
[012] 8 ica^ifit>z^m^^mamm 
^^ixmmicmrmmm ( i - 1 ks) r*>-2>, 
[013] «sfit«i9 {c*>*>t>*#e«#^!isij^ai^ 

^^©l^ffi*IeJBK:/^^■r»rffi0 ( i - ilKii) -ciS. 

[014] :$imo>mmm i o (c j: s#e»#?aiitt 
mm^iffit^mmt i - 1 Brffi0r*s. 
[015] ^^ommm 1 1 i,w&m^pim 
^mm^^mmmm ( i - 1 ws) -c&^,. 
[016] mmvi 1 1 K:*>*^to*#G®^^}iiwsiffi 
m'i-ommixw&iCTiptWimm ( i - 1 wie) r* 

[017] *^W©«iS0« 1 2 K.1: iWGM^PmWl 

mm^nkr I - 1 KM0-C**. 

[018] *l6B^®|^t!^ 1 3 K J: S#fi»lf]»lg» 
[019] *^?S®Sltei?ll 1 3 K J; 

[020] S£*®«e^^^^«)^ffilg^ Brffl 
0-C*.5,. 
[??^®ijiH3] 

9 ss. 1 0 ^ji^^ffi. 1 1 imm. 1 2 

m»^. 13 iffii^fl:)!. 14 ^ISiiSI. 17 E 

m»)i. 1 8 TSP^ffi, 1 9 ±S|5mS. 2 0 xy 

?>i/^-;k 2 1 ao, 30 mm. 31 Mi!^^^ 

3 3 ^m. 5 0 5 1 ir-iy^i/. 

5 2 r>7-. 5 3 fi^^, 5 4 m^^m. 100 
^gp. 1 0 6 (S^gm> 10 8 -fe-^ 5 i-ESS 

^> 1 0 9 ui:^;ffl-?, 1 1 0 mm-. Ill* 
0.114 mss. 120 mm. 
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m3] 



m4] 



30 



(C) 



J 
I 




-31 



lU 12« 13 Iftfttt 
30 « ft 

31 




(b) 



J5L 

12 30 




1 1 mmn 
1 2 «ss 

3 0 «ff 



[SI 5] 



[017] 




I 0 it^«^Sfi 1 8 T««« 

1 1 1 9 ±«l«ft 

1 S tafia 2 1 SO 

14 ^HiiJK 100 fi« 

1 7 Ett^ft 



50 21 



so unu 

6 2 Tv:/ 

5 3 e^a 

5 4 fidSS 



(11) 



-205273 



[115] 





20 12 



9 S£ 1 8 TftQS 

1 1 »8n 1 9 ±$Sft 

12 Idttfi 20 Xr,?^>r*-A' 
1 3 ttftS 10 0 SR« 

1 7 



11 



(b) 



10 



19 17 13 n 



(C) 



12 




10 ^Wl^Sfi 13 l&fiiB 19 J:««fi 

11 17 EBWK 2 0 x^^y^jjt-;!/ 
1 2 1 8 T»«tE 10 0 SSIB 

















52 






1^53 


> 















-54 



51 50 



5 1 y-i/V^r 

5 2 7 

6 3 Q^B 
6 4 



1 0 a. 10 b. 10c 
6 0 



(12) 



205273 



mi] 




21 12 20 



10 ^l^f^Sfi 18 Tffi^ft 

1 1 i&es 1 9 ±s$«s 

13 ttSB 2 1 fiO 

1 7 SRi«:B 10 0 




le) IB 



21 12 

1 0 i^-mf^W 1 8 TSItS 

1 1 IbttS 1 9 J:ft«C 

13 imistm 2 1 SO 

1 T 



[@20] 



111 



109 

















1^ 




I I 0 iii^a^ 

111 iJbO 

1 1 4 mes 



(13) 
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[01 n 



(ai 




19 18 13 21 



(b) 




1 0 i^m^miR 

1 1 

1 3 tt«tt 

1 7 



1 6 TffiVS 

1 9 _h0tiS 
20 

2 1 fiO 

10 0 



[012] 



(b) 



(0 



TO 18 V 



19 T7 



(0) 



(6) 



(f) 



g o 14 20 




I 1 Igtt0 I 9 ±«?«S 

12 Ififtft 20 j.-,^yir^^Ar 

13 2 1 SI) 
1 4 ^mHIR 10 0 

1 7 



(14) 
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[013] 




(f) 




1 8 Tai«a 10 0 «9 



(a) 



[014] 




19 18 13 21 



lb) 




(15) 



J|$ig¥8-2 05 2 7 3 



16] 



18 TA n 



fTTv 



(a) 



(bi 



(C) 



(d) 



<e) 



27 

I 0 4i«*2S« 1 4 2 0 xyf->ir.^-/t. 

II 17 2 1 S9 

12 Iftfttt 18 T9ISft 100 S« 

1 3 ttSR 1 9 ±9Qft 




tX)0 



